Changes of growth hormone receptivity in the ovary during the reproductive cycle were studied in rainbow trout (Oncorhynchus mykiss 
Introduction
Although gonadotrophins are the major regulators of ovarian function in vertebrates, accumulating evidence indicates a role for growth hormone (GH) in the control of the female reproductive process (for review, see Adashi et al, 1992; Katz et al, 1993; Le Gac et al, 1993) . Delayed pubertal development in human and animal isolated GH deficiency can be restored by GH treatment (Sheikholislam and Stempfel, 1972; Ramaley and Phares, 1980; Advis et al, 1981; Ovesen et al, 1992) , and GH therapy has been used with success as an adjuvant to gonadotrophin for ovulation induction in assisted human reproduction (Volpe et al, 1989;  Homburg et al, 1990; Burger et al, 1991; Jacobs et al., 1991) . Direct effects of GH on the ovary were proposed after the first in vitro studies had demonstrated that GH stimulates granulosa cell differentiation of murine Gia et al., 1986; Hutchinson et al., 1988) , pig (Hsu and Hammond, 1987) and human (Mason et al, 1990) ovarian follicles. A large body of evidence indicates that GH effects may be mediated, in part, through an intra-ovarian insulin-like growth factor (IGF) system (for review, see Adashi et al., 1992; Guidice, 1992) .
were widespread in the rat ovary (Lobie et al, 1990) , mainly in granulosa and theca cells (human: Mertani et al, 1995) and localized in the granulosa cells of preantral and antral follicles (rat: Carlsson et al, 1993; sheep: Eckery et al, 1997) , in the granulosa cells of dominant follicles and luteal cells (humans: Sharara and Nieman, 1994; Tamura et al, 1994) or in luteal cells (cattle and pigs: Lucy et al, 1993; Yuan and Lucy, 1996) . Finally, expression of GH-R/BP mRNA was low in ovine and bovine oocytes (Eckery et al, 1997; Izadyar et al, 1997) . Binding studies reported the possible occurrence of functional GH receptors in human and rabbit ovary (Carlsson et al, 1992; Ando et al, 1994) , and both experiments used human GH which reacts with the lactogenic receptor as well as (or even better than) the somatogenic receptor. In fact, most attempts have been unsuccessful in demonstrating and quantifying GH receptors in mammalian ovarian tissues by binding assays (Webb et al, 1994;  Eckery et al, 1997), due to high non-specific binding.
In teleost fish, the presence of binding sites for homologous GH has been detected in ovary (Yao et al, 1991;  Gray et al, 1990) , and Mourot et al. (1992) have described GH-specific binding with general characteristics of GH-R in rainbow trout ovarian membrane preparations. These GH-R appear functional in teleost fish, as GH treatments are able to modify the gonadal production of sexual steroids in vivo and in vitro (Singh et al, 1988 ; Van Der Kraak et al, 1990; Le Gac et al, 1992;  Singh and Thomas, 1993) .
In rainbow trout, the ovogénesis and ovulation of thousands of gametes occur synchronously in the entire ovary, providing a particularly convenient model in which to study physiological changes during successive stages of folliculogenesis and oocyte maturation.
In the present study, changes in gonadal GH-R concentration during the initial ovarian cycle in rainbow trout were studied to investigate the role of GH in gonadal development during puberty, follicular and oocyte growth, and final maturation. First, it was (Greenwood et al, 1963) , with the modification introduced by Martal (1972) . The specific activity of 125I-labelled rtGH, measured by self displacement on hepatic membrane preparation (5 mg pellet per tube) was 120 pCi pg-1 for studies on the ovary and 46 pCi pg-1 for (Fig. 2b) and in crude liver preparations (Fig. 2c) .
The specificity of GH binding sites to crude ovarian preparation was tested in competition experiments (Fig. 3) . (Fig. 5a) (Gong et al, 1991 (Gong et al, ,1993 Eckery et al., 1997) . GH stimulates the development of early (preantral) follicles in vitro (Liu et al., 1998) , it affects the maturation of cumulusenclosed bovine oocytes and may promote early embryonic development (Izadyar et al, 1996) . Numerous GH effects on ovarian cells have been described, including the stimulation of granulosa cell proliferation, differentiation and steroidogenic activities, the increased production of insulin-like growth factors (IGFs) and modulation of IGFbinding proteins (Wathes et al, 1995; Sirotkin, 1996) . In the present study in trout, the highest GH-R concentrations (expressed in fmol g^1 ovary, fmol g-1 pellet or in fmol mg-1 protein) were observed in stages [2] [3] (Le Gac et al, 1996) . In fact, IGF-I mRNA and IGF-I receptors are expressed in fish ovary (Guttierez et al., 1992; Duan et al, 1993) and IGF-I was found to act on final oocyte maturation (Kagawa et al, 1994) and to increase the ovarian production of oestradiol and of 17a,20ß-dihydroxy-4 pregnen-3-one (the meiosis inducing steroids in trout) (Maestro et al, 1995 (Maestro et al, , 1997 Fostier et al, 1994) . However, to our knowledge, no effect of GH on ovarian IGF production has been demonstrated (Duguay et al, 1994 (Frick et al., 1990; Ymer and Herington, 1992) . In mammals, one speculation is that an alternative promoter controls GH-R expression in reproductive organs that are target tissues for placental somatotrophin or lactogen hormones (see Heap et al, 1996) , but such a mechanism would not be relevant to the ovarian cycle in teleosts. On the other hand no correlation was found in male rainbow trout between liver and testis GH-R concentration during spermatogenesis (Gomez et al, 1998) . Hepatic GH receptors are either up-or downregulated by plasma GH in mammals (for review, see Gluckman et al, 1989) . In teleost fish, regulation of hepatic GH-R by high plasma GH has also been reported (Gray et al., 1990; Hirano, 1991; Mori et al., 1992 
